The Coordinated Data Analysis Workshop (CDAW 6) substorm event at 1054 UT on March 22, 1979, is studied using energetic particle (• 20 keV) data from the mediumenergy particle experiment of ISEE I as well as high-resolution magnetometer data of ISEE I and 2. These analyses cast new light on the structure and temporal evolution of the plasma sheet near 15/•E during the substorm. These changes are generally consistent with predictions from the near-Earth reconnection model of substorms, modified to include subsidiary plasma and field structure on scales of a few Earth radii. In particular, the onset of streaming flow, nearly aligned with magnetic field lines, of energetic ions and electrons in all available energy channels and its reversal and subsidence are closely correlated with substorm phases. The energetic particles (which are isotropic during the growth phase) begin streaming tailward right after the expansion onset. They reverse their sense of flow in the midexpansion phase. The magnetic field variations suggest that two small magnetic island structures embedded within the plasma sheet moved tailward past the spacecraft shortly after the substorm expansion onset. These structures may be signatures of smallscale multisite reconnection associated with the formation of the near-Earth neutral line.
INTRODUCTION

Dynamics of energetic particles in the magnetotail
In this paper we investigate changes that occur on time scales of less than i min by using the mediumenergy particle experiment (MEPE) of the ISEE 1 spacecraft which provides measurements of energetic ions and electrons with a time resolution of ~ 36 s for a full threedimension scan and covers an energy range from 24 keV to 2 MeV for protons and from 22.5 keV to 1.2 MeV for electrons [Williams et al., 1978] . We use these data in conjunction with detailed magnetic field measurements and other previous observations to better understand the CDAW 6 substorm.
Our observations show that prior to the expansion onset, while the particle distribution was isotropic at the spacecraft location, the magnetic field became increasingly taillike. We assume that this field configuration led to the onset of reconnection. We suggest that the neutral line formed on the earthward side of the spacecraft because we find ions and electrons streaming tailward after the expansion onset. Associated with strong tailward bursts of energetic particles, two bipolar signatures in Bz were observed. We interpret the two events as the signatures of two small-scale magnetic islands which were produced by multipoint reconnection in the plasma sheet and may have been associated with the formation of the near-Earth neutral line and the subsequent formation of a large-scale plasmoid. Part way through the expansion onset, the neutral line retreated tailward past t'he two ISEE spacecraft, and earthward streaming of particles was observed. Near the beginning of the recovery phase the streaming of particles subsided and the particle distribution became isotropic again. In the next section we present the detailed observations which l•d'us to the interpretation sketched above. We As well, the subsequent flow reversal that is attributed to the tailward retreat of the neutral line is perplexing because it is observed earliest at the spacecraft further down to the tail [Paschmann et al., 1985; Eastman and Frank, 1984] . Finally, the model does not explain why the field turns northward somewhat before the flow reverses [McPherron and Manka, 1985] . We will return to these points after examining the data and argue that the multiple island structure enables us to account for these anomalies.
OBSERVATIONS
The MEPE instrument measures fluxes of both ions and electrons. The data used in this study were acquired in the low bit rate mode which provides coverage of eight energy channels in eight azimuthal sectors (one sample per sector) for every spin. The detector continuously scans in polar angle relative to the ISEE i spin axis which is normal to the ecliptic plane. This scan is synchronized to the satellite spin rate (~ 3 s/spin) and covers a range of polar angles from 10 ø to 170 ø in 12 spin periods. A three-dimensional sampling of 96 points is made over the unit sphere every 12 spins (~ 36 s).
Each of these samples contains eight simultaneously observed energy channels for ions and electrons.
During the CDAW 6 substorm (1000 UT to 1300 UT) the ISEE spacecraft were inbound near the 0200 LT meridian approximately 15 RE behind the Earth and ~ I RE below the magnetic equatorial plane. About 10 min before the expansion onset at 1054 UT, the magnetic field at the ISEE spacecraft became taillike. At about 1100 UT, both spacecraft observed very taillike fields; the field directions were antiparallel at ISEE 1 and ISEE 2 and directed 10 ø above and below the GSM equatorial plane, respectively. Such orientations cannot be attributed to flaring away from the center of the tail. Rather, it suggests that the neutral sheet was tilted 10 ø below the GSM equatorial plane at this time. The projection of the magnetic field into the GSM equatorial plane makes an angle of 15 ø with the x axis and the projected y components for ISEE i and 2 fields differ in sign. In order to better organize our data and to avoid changes in the sign of the y components caused only by crossing the neutral sheet we have transformed the magnetic data into a neutral sheet coordinate system by first rotating the coordinates 15 ø counterclockwise with respect to the GSM +z axis, and then rotating them In our analysis we have removed these zero counts from the first three channels since most of the count rates are relatively large, and thus the zero counts must represent missing data. But for the rest of higher-energy channels (channel 4 and above), all zero counts were kept since the count rates for those channels are frequently so small that it is not possible to attribute zeros exclusively to missing data. Figure 4 shows that prior to the expansion onset, there was no field-aligned ion flow. At 1058 UT, sudden strong tailward streaming appeared simultaneously in all ion energy channels. We will argue later that this streaming is evidence of the formation of a neutral line . i.,.,. I,.,,.,.i,. ;. i,.,.,.,. ?,.,.,.,. i,. ;,.,. i,..,. i,. • =,. •,. =,.,. ?.,.,. ?.,.,. ?.,.,. ?,.,. ?.• • ?.,.,. ¾.,.,. i,.,.,.,.i,.,.,.; • 1
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• o.1 The second loop appeared 2 min after the first. Thus by the time the second loop was observed the first one would have been ~ 10 RE further down the tail. Since we estimate that the near-Earth neutral line was only ~ 5 RE earthward of the spacecraft, both loops could not have existed simultaneously earthward of the ISEE spacecraft. Instead, the second loop must have been generated later than the first.
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The observation of the loop structures suggests that multipoint reconnection occurred intermitently in the magnetotail during this substorm. After the magnetic field became extremely taillike between the geostationary orbit and the ISEE locations, reconnection occurred at several locations at different times. At the expansion onset a neutral line formed near to the Earth, coincident with the tailward jetting of plasma observed by ISEE 1. While the magnetic field lines tailward of the neutral line remained very tail like, new X-type neutral lines and island structures were generated and subsequently moved tailward. The possibility of occurrence of the multiple X line reconnection (MXR) process in the tail associated with substorms has been noted by Lee [1988] and related to the time-dependent magnetic reconnection. MXR forms magnetic 'islands. In this event, we may have observed two of the islands produced by multipoint reconnection. The size of the islands observed was only ,,, 2-3 RE and their vertical thickness may have been ~ 0.5RE or less. As the two ISEE spacecraft were within the plasma sheet when they observed the islands and the thickness of the islands was of the order of the vertical separation of the two spacecraft, the islands must have been embedded within the plasma sheet.
Observations of magnetic islands on scales much smaller than that of the plasmoids suggested by and Schindler [1974] suggested that magnetic islands are generated by the ion-tearing mode when the plasma sheet is sufficiently thin and/or the normal magnetic field component is sufficiently reduced, which is the case in the CDAW 6 event. Simulations by $alo and Walker [1982] show that the tearing mode is excited much more violently in the presence of parallel plasma flow in the plasma sheet than in the case with no flow. Bhallacharjee [1987] presented a quasi-thermodynamic model for the relaxation of magnetotail plasmas during substorms and pointed out that the presence of a chain of magnetic islands along the tail axis is a universal feature of the relaxed state. Thus it is very likely in our event that magnetic islands were produced in the near-Earth magnetotail after the expansion onset, while the magnetic field was still very taillike with plasma streaming nearly along the tail axis.
Recently, Richard el al. [1989] have studied the magnetic island coalescence instability for magnetotail reconnection, a process wherein small islands coalesce to form a large magnetic island which moves down the tail. They pointed out that reconnection in the tail could be a two-step process: small-scale island formation followed by the rapid coalescence of small islands into larger ones. There is no evidence that we were observing a two-step process, but the occurrence of the small loop structures inside of 15 RE may be evidence of small spatial scale reconnection in the near-Earth magnetotail.
The In the growth phase of the substorm (before 1058 UT) the energetic particles were isotropic in both the plasma sheet boundary layer and the central plasma sheet near the neutral sheet. After the expansion onset, strong tailward streaming particles were observed in all channels suggesting that a neutral line formed on the earthward side of the spacecraft. We have demonstrated the possible presence of several island structures, and shown that the assumption of small-scale O-type and Xtype field structures can explain the brief flow reversal around 1106 UT seen in low-energy particle data. In the midexpansion phase the flow direction reversed and earthward streaming particles were observed, implying that the substorm neutral line retreated tailward of the spacecraft. The streaming of particles subsided near the beginning of the recovery phase and the flux of energetic particles increased to a level a few orders of magnitude higher than that before the expansion onset, which is evidence of conversion of magnetic energy accumulated during the growth phase into particle kinetic energy.
We have considered the possibility of the phenomena we observed, such as the streaming pattern of energetic particles, being the result of the spacecraft traversing different regions, for example, the central plasma sheet and the plasma sheet/lobe boundary layer. But the onset of the particle streaming, its reversal and subsidence were observed by two ISEE spacecraft (with a small time Shift) when the two spacecraft were obviously traveling in different regions for some period. A similar streaming pattern observed by the two spacecraft located in the different regions is best interpreted as phenomena associated with a common particle source which is suggested as the near-Earth reconnection region.
